Initial NSTX GDC experiments were performed with one moveable anode and a biased filament preionization system that allowed D, and He Glow Discharge breakdowns at the actual operating pressure, voltage and current. The biased filament system was also operated continuously during ohmic operations, and used to reduce volt-sec consumption for February 1999 plasma discharges up to 280 KA. An upgraded system has been installed with 2 fixed wall anodes and 3 biased filaments; 2 on the mid-plane and one in the divertor region; all separately controllable remotely using a PLC system. Recent applications include assisting in preionization for 800 KA plasma discharges.
I. INTRODUCTION
The National Spherical Torus Experiment (NSTX) i s designed to investigate the physics of Spherical Tori (ST) in a device that can produce non-inductively sustained high-0 discharges in the 1 MA regime and to explore approaches toward a small, economic, high power density Volume Neutron Source (VNS) and an ST reactor core.[ 11 Initial ohmic operations began in February 1999 with the vessel configured with only the Center Column ("Center Stack"). [2] The Center Stack clad with graphite tiles, a small outboard graphite limiter, and 4 flux loops were the only hardware in the otherwise empty SS vessel. In preparation for this work, since the vacuum vessel bakeout capability was not scheduled to be available until later i n CY1999, the internal surfaces of the vacuum vessel were conditioned by applying D, Glow Discharge Cleaning (D,GDC) for 39 hours followed by 4 hours of HeGDC. Subsequently, 280 KA plasma discharges were readily obtained using a preliminary Filament Preionization System. After the brief operation in February 1999, the vessel was vented for additional upgrades. During the vent, considerable internal hardware, e.g., the divertor, passive plates, graphite tiles, and in-vessel sensors [2] were installed. The vessel was evacuated in August 1999, and i n preparation for plasma operations, the vacuum was prepared by the application of about 140 hours of D,GDC and 20 hours of HeGDC using a double fixed anode GDC system with preionization filaments that allow GDC initiation at the operating pressure and voltage. Plasma operations resumed in September 1999, and plasma discharges of over 800 KA were readily achieved. Plasma breakdown was assisted using the upgraded Filament Preionization System described below together with an Electron Cyclotron Preionization System that will be used for Coaxial Helicity Injection (CHI) experiments.
Experimental Geometry for Initial Tests
A common method for initiating D, and He GDC is to start with fill pressure in the range of 20 to 40 mTorr with an applied bias in the range of 600 to 800 V. Once breakdown is achieved and GDC is initiated, the pressure is quickly reduced to a few mTorr, or lower, and the applied bias t o about 250 to 600 V. This is done to reduce violent arcing and sputtering events, and to reduce the load on the torus vacuum pumping system which is often kept in the normal high vacuum mode during GDC. Hence, the capability to initiate GDC breakdown at the actual operating pressure and voltage, provides the advantages of minimizing coatings from arcing and sputtering, minimizes stress to the pumping system, and greatly simplifies the controls needed for remote operation and to perform automated GDC between plasma discharges.
Prior to February 1999 plasma operations, with the vacuum vessel in the initial relatively "empty" configuration, a series of experiments were performed to investigate D, and He GDC characteristics in NSTX. Fig.1 
Results of Initial GDC Expetiments

A. GDC Range With Zero Filament Bias
The first experiments were performed with zero filament bias and the anode positioned about midway between the Center Stack and the outer wall of the vessel (68.90 cm from the wall). Applying a no-load anode bias of about 8 0 0 V, the DzGDC pressure threshold was about 25-30 mTorr. After initiation of D,GDC, the full load bias dropped into the range from 300 V, 1.8 A to 500 V, 2.5 A, a variation that was not investigated although there were indications that this threshold depended on vacuum conditions and the operating history of the probe. In the case of He, with a noload anode bias of about 800 V, the HeGDC pressure threshold was about 10-15 mTorr. After initiation of the HeGDC, the full load bias dropped to about 450 V with currents of 3.5 A.
It was found that the D,GDC breakdown pressure threshold could be reduced by establishing a suitable pressure, and then applying the anode bias in an abrupt step rather than applying it at a constant level while the pressure was raised. This effect may be due to power supply turn-on transients. Under these conditions, for example, for a preset operating voltage of 500 V, the D,GDC breakdown pressure was reduced from 25-30 mT to about 15 mTorr. The lower limit for stable operation of both D,GDC and HeGDC was found to be about 2mT. Operation at about ImT was intermittent and was not pursued.
B. Threshold Experiments, With Filament Bias
Filaments currents up to 30 A were applied with and without filament bias. It was found that an unbiased filament did not reduce the breakdown thresholds or improve stabiliy near the low pressure limit. However, with applied bias from 8 to 300 V, and emission currents from 0.1 to 0.9 mA, corresponding to filament AC currents of 23 to 25 A, it was found that both D,GDC and HeGDC could be initiated reliably at pressures of 2mT. At lmT, the behavior was intermittent and similar to the no-bias case described above (11. A).
After the above measurements, the moveable anode probe was withdrawn from its position about midway between the Center Stack and the outer wall to a distance 30.80 cm from the outer wall. The above D, and He GDC initiation experiments were repeated with filament biases in the range described above, and it was found that the above results could be obtained with the anode closer to the outer wall. These results provided the database for the design of a double fixed probe GDC system capable of reliably striking reproducible discharges at 2-4 mT which could serve as the basis for automating HeGDC between plasma discharges.
Cleanup With Initial Configuration
After the above experiments, the moveable anode probe was returned to its initial midway position, and extensive GDC cleanup of the vessel was started. GDC TIME (MINI 
IV. Preionization of Initial ohmic Discharges
During the initial February 1999 NSTX startup, after repeated discharge attempts, which included experimental difficulties with an incomplete field null and other field asymmetries, it was found that the first ohmic discharge was limited to a plasma current of about 20KA. The application of filament preionization using the system described above with a 24 A filament AC current with a 300 V. bias and about 0.4A of emission current had an immediate effect on improving the discharge startup characteristics. Subsequently, NSTX ohmic discharges were able to increase with each successive discharge to plasma currents of about 280 KA (see Fig.3 ). Eventually, it will be automated so that upon a computer generated permissive signal, the PLC will send signals resulting in the closing of the diagnostic window shutters and torus interface gate valves, the filling of the torus with He GDC gas, the starting of the Preionization Filaments, and the application of GDC anode bias. The HeGDC will continue for a few minutes duration between NSTX plasma discharges to maintain wall conditioning. After the HeGDC is completed, the PLC will initiate and the reverse process to reestablish the readiness of the vessel for the next discharge. The present PUS software has been configured to allow for this expansion from manual to automated operation.
V. Results of Present Filament Preionization and GDC Experiments
The upgraded Preionization Filament system is capable of about a factor of 10 more emission current. Fig. 8 shows a comparison of the emission current obtained with the February 1999 prototype configuration and the upgraded configuration. The scatter in the data for the February 1999 configuration was due to having been measured at different times with slightly different filament currents. In the case of the upgraded system, it is seen that considerable emission is obtained at relatively small bias voltages. The experimental program has not yet investigated the ,minimum required bias voltage for either GDC initiation or plasma startup. Presently, about 400 V filament bias i s applied for both functions. The bay-G and Bay-K filaments on the midplane have been operated continuously during plasma discharges in TF fields up 0.3T and plasma discharges up 800 KA to date. 
